Background: To estimate changes in the cost and utilization of Medicare among beneficiaries over age 65 who have been impacted by a natural disaster, we merged publically available county-level Medicare claims for the years 2008-2012 with Federal Emergency Management Agency (FEMA) data related to disasters in each U.S. County from 2007 to 2012. Methods: Fixed-effects generalized linear models were used to calculate change in per capita costs standardized by region and utilization per 1000 beneficiaries at the county level. Aggregate county demographic characteristics of Medicare participants were included as predictors of change in county-level utilization and cost. FEMA data was used to determine counties that experienced no, some, high, and extreme hazard exposure. FEMA data was merged with claims data to create a balanced panel dataset from 2008 to 2012. Results: In general, both cost and utilization of Medicare services were higher in counties with more hazard exposure. However, utilization of home health services was lower in counties with more hazard exposure. Conclusions: Additional research using individual-level data is needed to address limitations and determine the impacts of the substitution of services (e.g., inpatient rehabilitation for home health) that may be occurring in disaster affected areas during the post-disaster period.
Background
The growing U.S. adult population over age 65 remains disproportionately vulnerable to health hazards resulting from natural disasters. For instance, 64% of the people who died in Hurricane Katrina were over age 65 [36] . The frail elderly (e.g., those with impaired physical mobility, diminished sensory awareness, or chronic health conditions) and the "old old" (i.e., over age 85) are at especially high risk [18] . Several characteristics make older adults more susceptible to the effects of natural disasters, including greater hazard zone occupancy, living in less hazard-resistant structures, and lower rates of both emergency preparedness and disaster recovery responses [31] . While case studies of individual disasters can effectively characterize the impacts of a single type of disaster on health outcomes and health systems utilization in a specific geographic location, comparative data using common measurements over time and across locations are generally not available. In the absence of such knowledge, the promise of being able to proactively anticipate and mitigate the effects of future disasters on health systems utilization and cost among the U.S. population over age 65 will likely remain limited [11, 31, 33] .
It has been well-established in the disaster literature that while older adults are uniquely vulnerable to disasters and typically experience greater disaster loss, they receive less social and financial support after a disaster relative to other groups. In the social context, they may hesitate to ask for assistance [3] or have fewer family members to help them get assistance [22, 23] . Older adults are also less likely to have adequate property insurance coverage and more likely to report problems with using their coverage [6, 34] . Since most persons over age 65 are eligible beneficiaries of Medicare Part A (i.e. inpatient hospital insurance that covers those over age 65, as well as younger people with certain conditions), concerns about adequate coverage and problems with using coverage to seek health care after a disaster should be mitigated to some extent by this factor. However, as Medicare beneficiaries become displaced by disasters -particularly older and disabled beneficiaries -they may experience problems with using their health insurance coverage or face higher out of network co-payments and other charges [37] .
Few published research data in the U.S. have specifically examined the impact of disasters on the older adult's cost and utilization of Medicare after disasters. In a single study after Hurricane Katrina, the rate of physician office visits among Medicare Advantage (i.e. Medicare plans offered by private companies and operated as health maintenance organizations (HMO) or preferred provider organization (PPO) plans) enrollees in four Louisiana Parishes declined by 57% compared with the mean number of visits 11 months earlier, while emergency department visits and inpatient hospitalization rates increased [7] . In a study of 213 U.S. Counties, Anderson et al. [1] used Medicare inpatient claims for fee-for-service beneficiaries over age 65 to demonstrate that respiratory hospitalizations increased 4.3% (95% CI: 3.8%, 4.8%) for each 10°F increase in daily mean summer temperature.
Changes in the utilization of mental health services have been more widely documented among the general population and among veterans post-disaster, although findings have been mixed. After four hurricanes made landfall in Florida in 2004, veterans with posttraumatic stress disorder residing in counties affected by hurricanes utilized 28% more mental health services [19] . After Hurricane Ike, older residents of Galveston and Chambers Counties, TX, reported significant barriers (OR 1.04; 95% CI: 1.01, 1.06) to accessing mental health care, but most were preference based (i.e., they preferred to work out their own problems) [27] . Findings in the international disaster research related to the utilization of health care by older adults after a disaster are also mixed. In a cross-sectional survey following a major flood in China, Wu et al. [39] found that those over age 60 sought significantly more healthcare in the two weeks following the disaster than the older adult residents of a non-affected reference province. Following the March 2011 earthquake and tsunami in Japan, more than onethird of survivors over age 65 were considered at risk of immobility due to a lack of access to rehabilitation services [29] .
Because of the case study, place-based nature of disaster research, findings are difficult to generalize to other disasters in other locations. Research focused on a single event also limits our capacity to enhance the resilience of the older adults, or the health systems that serve them, to future disasters of a different type, scale, or location. Effectively addressing the disproportionate vulnerability to the health hazards of natural disasters for older adults will require specific planning and preparation by the Medicare system. The aim of this study is to identify and quantify the impacts of disasters on costs and utilization within the Medicare system to provide insights to improve predisaster planning and preparedness.
Methods

Sample
The Centers for Medicare and Medicaid Services (CMS) Geographic Variation Public Use File (GVPUF) contains 100% of Medicare claims for the 50 U.S. States and Washington D.C., aggregated to the county level for the years 2008-2012. The GVPUF file includes demographic information on beneficiaries (e.g., age, gender, race and ethnicity), prevalence data for 19 chronic conditions, and utilization and cost data at the county level [9] . The CMS GVPUF reports county-level data for beneficiaries of all ages, including those under the age of 65 who receive Medicare (6.2 million in 2012) and those over age 65 (27.9 million in 2012) [10] . The CMS GVPUF suppresses data for counties with any data field with fewer than 11 beneficiaries; therefore, our sample included 1539 counties across the contiguous U.S. (55%) with all demographic data for all years. The final sample included 5 years of longitudinal data for each U.S. County with all demographic data, for a total sample of 7695.
Measures Exposure
County-level hazard exposure was defined using Federal Emergency Management Agency (FEMA) data related to disaster declarations for nine types of disasters, including fires, floods, hurricanes, severe ice storms, severe storms, snow, tornadoes, earthquakes, and other, as well as information on the dollar amounts distributed to counties for disaster response and recovery [14] . Disaster declarations are issued by the President of the United States under the authority of the Stafford Act (42 U.S.C. § § 5121-5207). Dollars can be distributed in the form of federal public assistance grants to public or non-profit organizations, which may be used to replace, repair, or restore disaster-damaged publicly owned facilities [15] . Public assistance is reported at the county level. We divided aggregate public assistance dollars by the population of the county to determine public assistance per capita. Individuals could also apply for Federal assistance, which is reported for each disaster [16] . Per capita dollar amounts can be aggregated annually to account for counties that may have been exposed to multiple disasters in one year.
To account for differences in the scope and severity of different disasters over the study period, a hazard factor exposure variable was created by conducting a factor analysis using four variables available from FEMA, including: 1) the total number of days with major disaster declared, 2) the available public assistance divided by estimated county population, 3) individual housing assistance dollars approved divided by populations in all designated counties for the related disaster, and 4) other needs individual assistance dollars approved divided by populations in all designated counties for the related disaster. For analysis, the hazard exposure factor variable was divided into four categories using increments of the standard deviation. No hazard exposure was defined as counties with zero days of major disaster declaration and no public, housing, or individual assistance funds distributed (N = 5408). Some hazard exposure was defined as a hazard exposure factor value greater than the minimum and less than one standard deviation from the mean (N = 1661). High hazard exposure was defined as a hazard exposure factor value between one and two standard deviations from the mean (N = 282). Extremely high exposure was defined as hazard exposure factor value greater than two standard deviations from the mean (N = 344).
Outcomes
Various measures of Medicare utilization and cost included in the GVPUF were considered. Three utilization measures included days of inpatient hospital care (IP), days of care in inpatient rehabilitation facilities (IRF), and number of home health (HH) visits. All utilization measures are expressed in terms of usage per 1000 beneficiaries. Four cost measures included costs for the three utilization categories (IP, IRF, and HH) and the overall standardized per capita costs for all categories. Cost measures are standardized to account for differences in local wages and input prices which allows for evaluation across geographic areas [10] .
Analysis
FEMA disaster data was merged by County and State Federal Information Processing Standards (FIPS) code with the CMS GVPUF to create a balanced panel dataset from 2008 to 2012. Descriptive analyses were conducted to explore changes in exposures and outcomes over time. Means, standard errors, and percentages were calculated and ANOVA and Chi-Square p-value tests were conducted as appropriate. Changes in each of the three utilization and four cost outcome measures were described using means and standard errors for each category of the hazard exposure factor variable (e.g., no, low, high, extreme) as previously defined.
Multivariable fixed-effects models were used to evaluate the associations between hazard exposure and each utilization and cost variable. Models also included county-level demographic characteristics for Medicare participants (e.g., average age, percent female, percent African-American, percent eligible for Medicaid (i.e., health insurance for low-income persons), demographic characteristics (e.g., percent of county living below the poverty line), and year variables to control for trends. All data analyses were conducted in Stata 11 (College Station, TX) and datasets are publically available from FEMA and CMS. As these analyses use only publically available secondary data, this research was considered exempt from Institutional Review (IRB2015-0811 M).
Results
Hazard exposure factor
The hazard exposure factor was mean centered and ranged from − 0. Counties with some or no hazard exposure were more evenly distributed across the United States and across all five years in the study. The mean and standard error of each independent variable by exposure category is presented in Table 1 .
Descriptive analyses
There were no substantive differences in the population demographic characteristics of the study counties over the five year period. For the 1539 U.S. counties in the sample, the average age of beneficiaries was approximately 71 years, 55% of the sample was female, 8.25% was African-American, and 20.7% were eligible for both Medicare and Medicaid. Between 2008 and 2012, the average age and percent female decreased slightly, while the percent eligible for Medicaid increased less than 1%. The percent of people below poverty increased more than 2% between 2008 and 2012.
There were demographic differences between counties by hazard exposure level. Counties with extreme hazard exposure had populations with a larger percentage of African-Americans and larger percentages of people eligible for Medicaid and living below poverty (Table 2) . These findings are consistent with an extensive literature on higher hazard zone occupancy by socially vulnerable populations [5, 12, 32] .
Counties with higher levels of hazard exposure generally had higher mean values for all categories of Medicare utilization and cost (Table 3) . Mean values for all cost and utilization outcomes were lowest in counties with no hazard exposure, except IRF standardized per capita costs. These differences suggest a positive correlation between hazard exposure and Medicare utilization and costs that was further explored via multivariable modeling.
Multivariable modeling Medicare utilization
Overall, fixed-effects models demonstrate that the utilization of Medicare services at the county level are impacted by natural hazards. As hazard exposure increases, services such as HH are negatively impacted. Table 4 
. High hazard exposure in both the current and the previous year had a significant negative effect on IP covered days. However, in counties with extreme hazard exposure in the previous year, IP covered days increased. IP covered days also increased as the average age of a county's Medicare beneficiaries increased and when the percentage of Medicaid eligible participants increased.
Utilization of IRF was small compared to IP and HH, with an average of 140 days of IRF per 1000 beneficiaries compared to over 3000 HH visits per 1000 beneficiaries. High hazard exposure had a positive effect on IRF covered days. There were no significant changes in IRF covered days associated with the demographic characteristics of county Medicare beneficiaries. 
Medicare cost
In general, all standardized Medicare costs per capita increased over the study period. Standardized costs per user, which include all possible Medicare related costs, increased significantly each year between 2008 and 2012, as expected given overall trends in healthcare expenditures. Some hazard exposure and extreme hazard exposure in the current year had a significant and negative effect on overall standardized annual per capita costs, while prior year exposure had no effect. Increases in average beneficiary age, percent African-American, and percent eligible for Medicaid were also significantly associated with increased overall standardized costs. However, an increase in the percentage of female beneficiaries was associated with reductions in standardized per capita costs. Table 5 Annual, standardized per capita IP costs increased significantly each year between 2008 and 2012. Controlling for county-level demographic characteristics and time trends, some hazard exposure in both the current and the previous year had a negative effect on IP costs. Although the effect is small, it is similar in magnitude to cost reductions associated with an increase in the percent of female beneficiaries. Counties that experienced high and extreme hazard exposure did not have a significant increase in IP costs.
Annual, standardized per capita IRF costs also increased significantly each year between 2008 and 2012. A consistent trend was seen between increased hazard exposure and IRF standardized costs. Controlling for county-level demographic characteristics and time trends, both high and extreme levels of hazard exposure in the current year, and all levels of hazard exposure levels in the previous year, had positive effects on IRF costs. When hazard exposure is high, IRF standardized costs could increase as much as $1085 per user in years with a disaster, and as much as $786 per user the year after a disaster. Counties that experience extreme hazard exposure could see an increase in IRF costs between 1% and 3%. None of the county-level demographic characteristics had a significant effect on IRF per capita standardized costs. Standardized per capita HH costs also increased significantly each year between 2008 and 2012. Current year hazard exposure did not have a significant effect on HH costs. However, previous year hazard exposure did. Some hazard exposure in the previous year was associated with an increase in HH costs, while high exposure in the previous year was associated with a reduction in HH costs. Among the demographic characteristics, only an increase in the percent eligible for Medicaid in a county was associated with an increase in standardized per capita HH costs.
Discussion
Effectively addressing older adult's disproportionate vulnerability to the health hazards of natural disasters requires specific planning and preparation by Medicare, the health insurance system that predominately serves them. The ability to accurately quantify the impacts of different types of disasters, in different locations, and at different points in time on costs and utilization within the Medicare system may provide insights to improve pre-disaster planning and preparedness, as well as postdisaster response. To quantify the health impacts of natural disasters on older adults in the U.S., we conducted a study of publically available, county-level Medicare claims to determine the impact of disaster exposure on utilization of Medicare and the costs associated with this utilization.
Based on a large literature demonstrating that older adults suffer disproportionately from disasters, and are more likely than younger people to experience morbidity, mortality, or other health impacts as the result of disasters, we hypothesized that Medicare utilization and costs would increase in counties impacted by a disaster, and that these increases would be larger in counties more severely impacted by disaster [2, 4, 8, 17, 21, 24-26, 30, 38] . We found some evidence to support the hypothesis that cost and utilization would increase at the county level in years with more severe hazard exposure. Current year high hazard exposure was associated with significant increases in IRF covered days per 1000 beneficiaries as well as higher IRF per capita standardized costs. However, we also found an inverse relationship between IRF and HH utilization in areas exposed to higher hazard levels. Extreme hazard exposure was negatively associated with HH visits per 1000 beneficiaries and any disaster exposure was associated with reductions in HH standardized costs. This relationship suggests further investigation is needed into the whether IRF may be substituted for HH in cases where beneficiaries evacuated or their HH provider was unable to reach them due to the impacts of the disaster. Much of the published research on the impacts of disasters on health categorizes exposure based on a dichotomous variable of whether or not a county had a major disaster declaration from FEMA or on spatial data related to storm trajectories [28, 35] . By creating the hazard exposure factor variable, which incorporates additional publically available FEMA data related to the number of days the disaster declaration was in place and the total spending for public, individual, and housing assistance, we were able to account for additional information about the size, scope, and potential impact of the disasters. This new hazard factor exposure variable is easily reproducible from public data, and helps to clarify the interpretation of correlations between hazard exposure intensity and Medicare utilization and costs within the fixed effects model. This study has several important limitations. Because the CMS GVPUF file suppresses data for any field with fewer than 11 observations, many rural counties were not included in the final study sample. As older residents of rural areas are likely to face unique concerns with regard to access to care during both the disaster and inter-disaster periods, this study may not represent those beneficiaries' experiences well. However, the suppressed counties include only 5% of the total U.S. population. In addition, accurate estimation of the effects of disasters on utilization and cost may be limited by the use of county-level data that can create potential exposure misclassification. Beneficiaries may have lived in a part of the county that was not impacted by the disaster or may have evacuated prior to the disaster and sought health care elsewhere or from other providers. However, this potential for exposure misclassification is a problem in most disaster research, since FEMA disaster declarations are issued at the county level, which is not likely to be the best spatial level at which to characterize exposures [20] . This type of analysis may also have resulted in an underestimation of effects since beneficiaries who die are removed from the dataset, particularly if those exposed to disaster have higher death rates that those who were not exposed [13] . Assocations could have been confounded by unmeasured confounders, which could have biased our results. This analysis only addresses claims from a single health insurance system in the U.S., Medicare, which is primarily utilized by the elderly. We cannot therefore generalize our findings to other health insurance networks. The research team has planned a follow-up study using restricted access individual-level data from the National Center for Health Statistics ( 
Conclusions
Exposure to all types of natural disasters, including fires, floods, hurricanes, severe ice storms, severe storms, snow, tornadoes, and earthquakes can have an important effect on the utilization and cost of health care for older adults in the U.S. Although these findings may not be immediately translatable to actions that local area agencies can take to prepare and protect their residents, it does give additional insight into the impacts of disaster on the health and health system utilization of the older adults after different types of disasters. Over time, these findings, as well as additional planned analyses of both publically available and restricted access data, should help inform the development of evidence-based strategies (e.g., improvements to hospital or health system preparedness plans and development of predisaster interventions for chronically ill older adults) to mitigate the impact of future disasters on this vulnerable population and improve disaster resilience among individuals covered by Medicare. 
